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A s s u m i n g t h e s u n s p o t a r e a t o evolve s m o o t h l y a n d t h e s u n s p o t - g r o u p lifetime 
d i s t r i b u t i o n t o be a m o n o t o n o u s d e c r e a s i n g func t ion o n e c a n easi ly c o n c l u d e t h a t t h e 
func t ion N(S), d e t e r m i n i n g t h e n u m b e r of s u n s p o t g r o u p s h a v i n g the a r e a S a t th i s 
m o m e n t , m u s t inc rease m o n o t o n o u s l y a n d s m o o t h l y wi th d e c r e a s i n g a r e a S. 

T h e rea l b e h a v i o u r of t h e func t ion N(S) in t he ind iv idua l 11-year cycles n o . 15-18 
( a c c o r d i n g t o t h e Z u r i c h n u m b e r i n g ) , o b t a i n e d by K o p e c k y (1964) us ing t h e G r e e n 
wich c a t a l o g u e a n d ana ly sed in m o r e de ta i l by D m i t r i e v a et al. (1967) , is n o t in 
a c c o r d a n c e wi th this theore t i ca l c o n c l u s i o n . All p r inc ipa l pecu l ia r i t i es of t h e N(S) 
b e h a v i o u r c a n be i l lus t ra ted by t h e N(S)-cur\e of cycle n o . 17. 

F i r s t ly all 7V(S)-curves s h o w a c l ea r m a x i m u m a t S 0 = 2 - 5 x 1 0 " 6 h e m i s p h e r e . 
S e c o n d l y all A^(.S)-curves d o n o t d e c r e a s e s m o o t h l y a n d un i fo rmly wi th t h e increase of 
S a t S>S0. A t several in t e rva l s of S va lues t h e N(S) d e c r e a s i n g r a t e is a p p r e c i a b l y 
r e d u c e d o r even b e c o m e s z e r o , i .e. N(S) is t h e n prac t ica l ly a c o n s t a n t w i th in t h e r a n g e 
of t hese va lues ( F i g u r e 1). T h e r e f o r e o n e m a y speak of t w o ' s t e p s ' in t h e 7V(S>curve, 
t h e first o n e is wi th in t he a r e a r a n g e f r o m 8-13 x 1 0 " 6 h e m i s p h e r e a n d t h e s e c o n d o n e 
wi th in t h e a r e a r a n g e f rom 6 0 - 2 0 0 x 1 0 " 6 h e m i s p h e r e . T h e rea l i ty of t hese s teps m a y 
be con f i rmed by t w o o t h e r ways a t leas t . 

W e c a n exp la in these pecul ia r i t i es of t he 7V(S)-curves in t h e fo l lowing way . It is 
qu i t e p r o b a b l e t h a t a s u n s p o t o r i g ina t e s on ly w h e n t h e m a g n e t i c field r eaches s o m e 
cr i t ica l va lue . A s t h e m a g n e t i c field occup ie s t he so la r sur face for a part of definite 
size a t th i s m o m e n t , so t h e o r i g i n a t i n g s u n s p o t c a n n o t h a v e infinitely smal l size a n d 
m u s t h a v e a definite m i n i m a l a r e a . I n t h a t case t h e a r e a Sq c o r r e s p o n d i n g t o t h e 
m a x i m u m of N(S) m u s t b e a c c e p t e d t o be t h e m e a n va lue of t h e m i n i m a l s u n s p o t -
g r o u p a r e a in s t a tu na scend i . 

T h e p resence of s teps o n t h e N ( S ) - c u r v e s ind ica tes t h a t a n u m b e r o f t h e s u n s p o t 
g r o u p s w i t h a r e a s c o r r e s p o n d i n g t o these p a r t s of t h e cu rves is m o r e t h a n it m u s t be in 
a c c o r d a n c e wi th t h e n a t u r a l s u n s p o t - g r o u p a r e a d i s t r i b u t i o n a n d c o n s e q u e n t l y such 
s u n s p o t g r o u p s o c c u r m o r e of ten. A s a t t h e N(S) d e t e r m i n a t i o n t h e s u n s p o t g r o u p s of 
v a r i o u s e v o l u t i o n s tages were used , so t h e m e n t i o n e d s teps o n t h e Af(S)-curves 
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c o r r e s p o n d t o t h e s t ab le s tages o f t h e s u n s p o t g r o u p e v o l u t i o n in t h e sense t h a t in t he 
e v o l u t i o n p roces s wi th t h e c o n t i n u o u s a r e a c h a n g e , t h e s u n s p o t g r o u p s s t ay wi th in t he 
r a n g e of c o r r e s p o n d i n g va lues of S sufficiently l o n g e r t h a n a t o t h e r va lues of S. 

It s h o u l d be n o t e d t h a t t h e s u p e r g r a n u l e a r e a is a p p r o x i m a t e l y e q u a l t o 160 -230 x 10 ~ 6 

h e m i s p h e r e , t h a t is in q u i t e g o o d a c c o r d a n c e wi th .S* va lues of t h e s econd s tep o n the 
N(S)-curve. A s s u m i n g t h e s u p e r g r a n u l e s t o fill t h e so la r surface u n i f o r m l y a n d closely 
o n e m a y easily ca lcu la t e t h e a r e a of t h e so la r sur face p a r t b e t w e e n t h e ad jo in ing super -
g r a n u l e s t o be of t h e o r d e r o f 6 -8 x 1 0 " 6 h e m i s p h e r e . 

l og N ( S ) / N 

i i i i 

1 2 3 logS 
F I G . 1. 

U s i n g this fact a n d t a k i n g i n t o c o n s i d e r a t i o n t h e resul t s of p a p e r s b y B u m b a (1965) , 
B u m b a a n d H o w a r d (1965) , K a s i n s k y (1966) , B u m b a et al. (1966) we c a n s u p p o s e t h e 
fo l lowing w o r k i n g h y p o t h e s i s . 

T h e s u n s p o t s as d a r k f o r m a t i o n s a p p e a r on ly a t p laces w h e r e t h e m a g n e t i c field h a s 
r e a c h e d a definite cr i t ica l s t r e n g t h a n d a definite size. T h e o r i g i n a t i n g s u n s p o t h a s , o n 
t h e ave rage , a m i n i m a l a r e a c o r r e s p o n d i n g t o t h e m a x i m u m of t h e N ^ - c u r v e a t 
S = S0 c lose t o t h e i n t e r s u p e r g r a n u l a r space a rea . T h e s u n s p o t s a r e b o r n j u s t in these 
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spaces a t t h e s u p e r g r a n u l a r p e r i p h e r y . T h e l ead ing a n d t h e fo l lowing s u n s p o t s filling 

these spaces a r e m o r e s t a b l e ; t h a t c o r r e s p o n d s t o t h e first s t ep o n t h e N ( S ) - c u r v e . A t 

t h e s u b s e q u e n t d e v e l o p m e n t t h e s u n s p o t m a y fill t h e w h o l e s u p e r g r a n u l e ; t h a t co r r e s 

p o n d s t o a n o t h e r s tage of h i g h e r s tab i l i ty of t he s u n s p o t g r o u p s , h e n c e t o t h e second 

s t ep o n t h e 7V(S)-curve. 

T h e r e f o r e we c o m e t o t h e c o n c l u s i o n t h a t the s u p e r g r a n u l a r p a t t e r n t a k e s a de te r 

m i n i n g p a r t n o t on ly in t h e ac t ive - reg ion s t r u c t u r e b u t a l so in i ts e v o l u t i o n . 

T h e l inea r a n d s low t ime v a r i a t i o n of t h e s u n s p o t a r e a S c o r r e s p o n d s t o s t ab le s tages 

of t h e s u n s p o t e v o l u t i o n (Vi t insky a n d I k h s a n o v , 1966; I v u s h k i n a a n d K u k l i n , 1967) 

S=S° — f}t. T h e n we c a n wr i t e d o w n a n a p p r o x i m a t e c o r r e l a t i o n b e t w e e n t h e s u n s p o t 

magnet ic - f ie ld s t r eng th H a n d t h e s u n s p o t l ifet ime T 

dH dH dS dH 
H ~T 1 = T = PT 

dt dS dt dS 

U s i n g the empi r i ca l f o r m u l a for t h e r e l a t i on be tween S a n d H ( I k h s a n o v , 1966) 

\%H = clgS + d 
we o b t a i n 

dH H S 
= C a n d T« —. 

dS S cp 

T h e las t f o r m u l a l o o k s l ike t h e t heo re t i ca l e s t i m a t e of t h e magnet ic- f ie ld J o u l e 

d i s s i p a t i o n t i m e T&L2/vm. 
T h e r e f o r e we a r e a l lowed t o s u p p o s e t h e J o u l e d i s s ipa t ion as a p r i nc ipa l m e c h a n i s m 

of a magnet ic- f ie ld d i s i n t eg ra t i on w h i c h c o r r e s p o n d s t o t h e s u n s p o t - e v o l u t i o n s tages 

wi th t h e l i nea r - a r ea dec rease . B u t it is right on ly a t t he l inear p a r t s of t h e S-var ia t ion 

c u r v e , b e c a u s e t h e increase o f P n eeds t h e e l ec t roconduc t iv i t y a d e c r e a s e . U s i n g the 

n u m e r i c a l e s t i m a t i o n s of c a n d P (V i t in sky a n d I k h s a n o v , 1966; B u m b a , 1963 ; 

I k h s a n o v , 1966) we o b t a i n < 7 ~ 1 0 8 - 1 0 9 C G S E c o r r e s p o n d i n g t o t h e l o w e r l imi t of 

e s t i m a t i o n s for t h e s u n s p o t s a n d t h e p h o t o s p h e r e by K o p e c k y a n d K u k l i n (1966) a n d 

K u k l i n (1966) . T h e s teeper p a r t s of t h e 5 - c u r v e m a y n o t be c a u s e d by J o u l e d i s s ipa t ion 

a s t h e necessa ry va lues of a a r e sma l l t o o . I t is ev iden t t h a t t h e r a p i d dec r ea se of t h e 

s u n s p o t a r e a is c o n n e c t e d wi th s o m e p r o c e s s of uns tab i l i t y w h i c h a p p a r e n t l y occup ies 

t h e w h o l e ac t ive r eg ion a n d l eads t o a n ac t iv i ty r ise ( n o n - s t a t i o n a r y p rocesses ) . B u t t h e 

s u n s p o t is abso lu t e ly s t ab le a g a i n s t m a c r o s c o p i c m a g n e t o h y d r o d y n a m i c p e r t u r b a t i o n s . 

H e n c e t h e s u p e r g r a n u l a r p a t t e r n in t h e ac t ive r eg ion is a s t ab i l i z ing f ac to r in t he 

sense t h a t t h e m a g n e t i c fields be ing ins ide t h e s u p e r g r a n u l a r b o r d e r s ( i n n e r a n d o u t e r ) 

h a v e a m o r e s t ab le con f igu ra t ion , a n d t he i r c h a n g e s a r e c a u s e d on ly by J o u l e d i ss ipa

t i o n l e a d i n g t o a s low l inear d e c r e a s e of t h e s u n s p o t - g r o u p a r e a a t th i s e v o l u t i o n s tage . 

T h e m a g n e t i c fields n o t j o i n e d t o th i s p a t t e r n a r e less s t ab le a n d a r e be ing d e s t r o y e d by 

t h e s a m e p a t t e r n . 
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D I S C U S S I O N 

H. V. Schmidt: As I said yesterday, I find it hard to understand a decay of the whole sunspot field 
with the local timescale computed from the local low conductivity in the umbra because in such a 
decay the flux has to contract into the photospheric currents surrounding the umbra and that should 
take a time consistent with the high conductivity in the layers which the flux has t o trespass. I think 
it might be possible to have the same decay behaviour which you describe caused by a flux diffusion 
due to the local structure of the convection surrounding the umbra. 

Kuklin: We have not aimed to explain why the linear part of the sunspot-area variation curve is 
existing but only wanted to show the Joule dissipation may be one of possible mechanisms causing 
this fact. 
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